Quantifying possible inefficiencies stemming from regulation is important to both policymakers and researchers. We use a dynamic structural model to evaluate the role of local market entry regulations in the productivity of retail trade. Our model is flexible with respect to how local market regulations influence store productivity and controls for demand in local markets. We combine the structural approach with detailed data on all stores in the Swedish retail industry. The results show that more liberal entry regulations increase future productivity and that the increase in productivity is larger for small stores and small markets than for large stores and large markets.
Introduction
The impact of regulations on market outcomes is frequently debated in many countries because policy interventions designed to prevent market failure may also lead to inefficiencies. Firm reactions to changes in the market environment depend on firms' productivity levels, which are determined by both internal factors that firms can control and firms' external environment. Yet, little work has attempted to quantify the effect of regulations on productivity (Syverson, 2011) . If regulations restrict productivity, both policymakers and researchers must quantify these costs to evaluate the associated changes in welfare and to determine the optimal level of regulation. In this paper, we propose a dynamic structural model to assess the implications of local market entry regulations for the productivity of retail trade.
Isolating and quantifying the effects of entry regulations on productivity requires both careful modeling and comprehensive data. First, entry regulations affect productivity, which must be considered in the estimation of the service production function. Second, retail stores face different incentives to change their productivity in response to regulations depending on their current productivity levels and local market conditions, which in turn affect their future productivity relative to competitors. Any welfare analysis of regulations must consider the full distribution of store responses in local markets. Third, the impact of regulation on productivity must be disentangled from demand shocks, such as increases in market size or structural changes in shopping behavior, to ensure that such shocks are not interpreted as changes in productivity. Fourth, standard problems such as the simultaneity of input choices and selection in the estimation of the service production function and potential endogeneity concerns regarding the stringency of regulations must be considered.
To address these modeling challenges and to accurately measure the effect of regulatory stringency on productivity, we propose a dynamic structural model that builds on the growing body of literature on heterogeneity in productivity within industries (Ericson and Pakes, 1995; Olley and Pakes, 1996) .
1 The model employs a controlled productivity process with respect to local market regulation, allows stores to react differently to changes in regulation, and controls for demand in local markets. Importantly, addressing these modeling challenges would be difficult by simply regressing labor productivity (measured as the value-added per full-time adjusted employee) or a measure of multi-factor productivity on a regulation measure.
We combine the structural model with rich panel data for all retail stores in Sweden for the 1996-2002 period and perform separate analyses for eleven subsectors.
Our approach is particularly advantageous because we obtain the full distribution of productivity responses for all stores and calculate the change in aggregate weighted productivity from more liberal entry regulation in local markets. This quantification exercise attempts to elucidate an issue of direct policy interest. Further, this framework provides a point of departure for a more complete welfare analysis of local market entry regulations and can be applied to other imperfectly competitive, regulated industries. Because stores cannot influence or form expectations about the future stringency of regulation, we follow a two-step estimation procedure to alleviate endogeneity concerns regarding regulation. Our model captures the net effect of regulation on productivity and provides a clear identification strategy for heterogeneous store responses to regulatory changes, which does not require the assumptions that are necessary in a dynamic game framework.
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Various features make the retail industry appropriate for examining the impact of regulation on productivity. First, retail markets are subject to substantial regulation that is more restrictive in Europe than in the U.S. Specifically, in Europe, entry 1 Recent contributions on manufacturing and/or trade include Levinsohn and Petrin (2003) ; Ackerberg et al. (2006) ; Ackerberg et al. (2007) ; De Loecker (2011); Doraszelski and Jaumandreu (2013) ; and Gandhi et al. (2013) .
2 Such assumptions raise concerns about, for instance, functional forms of cost functions, multiple equilibria, and aggregation to reduce the computational complexity (Pakes et al., 2007; Dunne et al., 2013; Maican and Orth, 2013) . regulation empowers local authorities to govern the entry of new stores. Second, retail trade is thought to substantially contribute to the frequently debated productivity gap between Europe and the U.S. (Gordon, 2004; Schivardi and Viviano, 2011) . Examples of productivity improvements in retail trade include the adoption of information technology (e.g., scanners, barcodes, and credit card processing machines), inventory and price management, wholesale and distribution networks, economies of scale and density, intangible assets and skills (e.g., brand recognition, reputation, and human capital), and vertical contracts and integration (Holmes, 2001; Schivardi and Viviano, 2011; Basker, 2012) . Third, retail has become increasingly important for overall economic activity in modern economies, currently accounting for up to 6 percent of GDP and 10 percent of employment. Retail markets in both Europe and the U.S. have trended toward fewer, larger stores. Further, in U.S. retail trade, entry and exit explain nearly all labor productivity growth. By contrast, in the manufacturing sector, entry and exit account for approximately 30 percent of total growth (Schmitz, 2005; Foster et al., 2006) .
In Sweden, all stores are subject to regulation, providing its 290 municipalities power to make land use decisions. Each potential entrant must submit a formal application to the local government. The decision to change a geographic zoning restriction and thus to allow a store to enter the market requires a consideration of the market structure, price, traffic, and environmental consequences. Such regulation decisions are binding, and local authorities rarely approve all applications.
To measure the stringency of regulation, we draw on previous work on land use and entry regulations and employ rich data that vary across local markets and over time to control for market size and the potential endogeneity of regulation.
We consider the number of approved applications divided by the population density, the number of approved applications relative to the number of stores, and the number of approved applications relative to the number of zoning plans (Bertrand and Kramarz, 2002; Schivardi and Viviano, 2011; Sadun, 2014) . For robustness, we also include index variables with different weights and the number of approved applications (Suzuki, 2013; Turner et al., 2014) .
The results show that productivity is higher under more liberal entry regulations and substantial heterogeneity exists in the marginal effects across stores and local markets. Specifically, store productivity increases by 1.8 percent on average per additional approved application across all subsectors. In local markets, the median increase in aggregate productivity from an additional approval is 2-5 percent in four subsectors (textile, footwear, books, and toys) and 0.2-1 percent in the remaining seven subsectors. Moreover, store productivity increases by an additional 1 percentage point for small stores compared with large stores, and aggregate local market productivity increases by an additional 1-2 percentage points in small markets compared with large markets. These results are robust to the use of various semiparametric estimators, the use of different measures of regulation, and the inclusion of controls for the potential endogeneity of regulation. In addition, we find increasing returns to scale in most subsectors of Swedish retail and that it is important to allow for a controlled productivity process, to allow for flexibility in how stores react to regulation, and to control for local market demand and omitted prices. Our findings highlight the non-trivial importance of entry regulation in the productivity of local retail markets. This paper makes several contributions to the literature. Surprisingly few studies have aimed to examine the importance of regulation for productivity, which is currently a key issue within the productivity literature (Syverson, 2011) . To the best of our knowledge, this paper is among the first to utilize a dynamic structural model to quantify the effects of entry regulation on productivity in retail. In doing so, this paper contributes a structural framework to previous research on how regulations affect productivity (Djankov et al., 2002; Syverson, 2011; Greenstone et al., 2012; Buccirossi et al., 2013 ) and relates to a growing body of literature on land use regulation (Maican and Orth, 2013; Suzuki, 2013; Turner et al., 2014) . Further, the proposed framework complements the existing retail literature (Bertrand and Kramarz, 2002; Haskel and Sadun, 2011; Schivardi and Viviano, 2011; Sadun, 2014) 3 and contributes to recent work on productivity dynamics in retail (Foster et al., 2006; Basker, 2007; Basker, 2012) . This study's strengths include the structural framework and rich data on all stores across retail industries, which allows for a careful investigation of both dynamics and heterogeneity in store-level responses to changes in entry regulation. The isolation of demand effects from productivity in a local market for services has recently been attempted in a companion paper on retail food (Maican and Orth, 2009) , as well as in previous research at the industry level in the manufacturing sector (Klette and Griliches, 1996; Levinsohn and Melitz, 2006; Katayama et al., 2009; De Loecker, 2011; Pozzi and Schivardi, 2012; Doraszelski and Jaumandreu, 2013) .
4 Because of the difficulty of measuring physical output and defining retail prices, both technical and quality-adjusted productivity measures (i.e., true productivity without demand shocks and the sum of technical productivity and remaining demand shocks) should be considered. The proposed framework is general and can be applied to retail and services industries in other countries.
The reminder of the paper proceeds as follows: Section 2 discusses entry regulation and the utilized data. Section 3 provides reduced-form empirical evidence of the effect of entry regulation on productivity. Section 4 describes the modeling approach. Section 5 discusses productivity and the results of the structural model 3 Schivardi and Viviano (2011) find that strict entry regulations hinder productivity in the Italian retail trade. Sadun (2014) finds that an increase in approved applications results in higher employment growth, whereas Haskel and Sadun (2011) find that total factor productivity in retail decreased after the 1996 planning regulation in the U.K. In France, entry regulation is found to slow labor growth (Bertrand and Kramarz, 2002) .
4 Recent research has linked establishment and product-level data on prices and quantities in samples of narrowly defined manufacturing firms (e.g., Petrin and Warzynski, 2012) . Relying on only a small sample of retail stores, however, severely limits the evaluation of regulations in local markets. To the best of our knowledge, no study of productivity in retail combines detailed storelevel information and store-level prices for a total population of stores. Griffith and Harmgart (2005) , Reynolds et al. (2005) , and Maican and Orth (2009) outline the characteristics of retail markets.
of the impact of regulation on productivity. Section 6 concludes. In several places, we refer to an online appendix that contains various analyses that are not discussed in the paper.
Entry regulation and data
The majority of OECD countries have entry regulations that empower local authorities to make decisions regarding the entry of new stores. Such regulations aim to prevent possible negative externalities regarding, for instance, competition, lack of access for consumers, and environmental aspects. Entry restrictions differ substantially across countries, however. Whereas some countries strictly regulate large entrants, more flexible zoning laws exist, for instance, in the U.S. (Hoj et al., 1995; Pilat, 1997; Boylaud and Nicoletti, 2001; Nicoletti and Scarpetta, 2003; Griffith and Harmgart, 2005; Pilat, 2005) .
In Sweden, the Plan and Building Act ("Plan och Bygglagen" or, PBL) empowers the 290 municipalities to process applications for new entrants. Geographical zoning allows municipalities to manage land use, i.e., all stores are subject to this regulation.
5 Thus, if a store wants to enter a specific local market, it must submit a formal application to the municipality. In processing new entrant applications, local governments must evaluate the market structure, store supply, product assortment, price, and environmental consequences. PBL decisions are binding, and local authorities rarely approve all applications. Inter-municipality issues regarding entry are addressed by the 21 county administrative boards. The PBL is considered a major barrier to entry, resulting in diverse outcomes, such as different price levels across local markets (Swedish Competition Authority, 2001:4) . Several reports stress the need for improved analysis of how regulations affect market outcomes (Pi-lat, 1997; Swedish Competition Authority, 2001:4; Swedish Competition Authority, 2004:2) . Online Appendix A describes the PBL in greater detail.
Measures of regulation.
To measure regulatory stringency in local markets, we collect data from a variety of sources. A limitation of existing research on land use and entry regulations is the absence of an ideal measure of regulation. 6 Consistent with previous research, we include a number of measures that vary across markets and over time to control for market size and the potential endogeneity of regulation.
The first data set contains the number applications approved by local authorities. We access the number of approved PBL applications that allow the entry of retail stores. The data were collected from surveys of 163 of 290 municipalities for the 1987 -1992 , 1992 -1996 , and 1997 -2000 periods (Swedish Competition Authority, 2001 . We also access the total number of PBL approvals for each municipality and year (Swedish Mapping, Cadastral and Land Registration Authority (Lantmäteriet)). The total number of PBL approvals differs from the PBL approvals that allow the entry of retail stores because the total number of PBL approvals includes PBL approvals related to all types of commercial activities (not only retail) and residential purposes. 7 Both measures of the number of PBL approvals are flow variables, i.e., they capture the number of new applications that are approved. The correlation between these two measures is 0.83. Because of the high correlation, we utilize the data for all approvals (rather than only approvals of new retail stores) to allow for the use all local markets and years.
The second data set contains the total number of zoning plans for each municipality and year (Swedish Mapping, Cadastral and Land Registration Authority (Lantmäteriet)). Each local market is divided into a number of well-defined geographic areas called zoning plans that are subject to entry regulation. The existing 6 Bertrand and Kramarz (2002) ; Gyourko et al. (2008) ; Schivardi and Viviano (2011); Suzuki (2013) ; Sadun (2014) and Turner et al. (2014) .
7 Suzuki (2013) utilizes data on applications for residential purposes to evaluate cost changes in the lodging industry. Our data differ in that we include applications for both commercial and residential purposes, which more closely approximates actual regulation enforcement.
number of zoning plans is a stock variable, i.e., it captures the number of geographic areas for each market-year observation. An approved PBL application can change the number of zoning plans for the following year.
The third data set includes information on the share of seats for each political party in local municipal governments, as the implemention of the PBL depends on the preferences of politicians in local governments (Bertrand and Kramarz, 2002; Schivardi and Viviano, 2011) . In particular, non-socialist local governments are expected to apply the PBL more liberally.
8 The exogeneity of political preferences assumes that land use issues are not decisive in local elections. Indeed, Swedish municipalities have many responsibilities, and spending regarding childcare, education and elder care are more likely to influence voter decisions than entry regulation.
To produce a sound measure of regulation, we must ensure that the number of PBL approvals is comparable across local markets and must control for larger municipalities, which might have a higher number of approvals only because of their size. We construct the following entry regulation measures for each municipality and year: (i) the number of PBL approvals divided by the population density; (ii) the number of PBL approvals divided by the number of stores; (iii) the number of PBL approvals divided by the total number of zoning plans for each municipality and year. In addition, for robustness, we consider (iv) index variables that combine our various data sources 9 and (v) the number of approvals. The alternative market size measures allow us to evaluate the robustness of our normalization and acknowledge that the number of approvals is proportional to each market size vari-able. The advantage of the regulation measure based on the ratio of PBL approvals to population density is that it captures both market size and geographic density, which are important in retail. Although we present the results of several entry regulation measures, our preferred measure for the main specification is the number of approvals divided by the population density.
If local authorities were to approve all PBL applications, then the number of approvals would measure competition rather than regulation. Although we do not consider the number of rejections, local authorities rarely approve all applications (i.e., there are small local markets), and because the decisions are binding, our measure can capture regulatory stringency. The rate of approval (which requires observations of the number of both approvals and rejections) might be an optimal regulation measure, but this measure is limited in that decisions to apply in a market are a function of the expected success rate.
Local markets. Our modeling approach considers local competition, and market size is determined by subsector, store size, and distance to competitors. We expect the size of local markets to decrease as the durability of goods increases. The 21 counties are most likely too large to reflect local markets, whereas the more than 1,600 localities are most likely too small. However, the 290 municipalities that make entry decisions are a reasonable local market size for the majority of Swedish retail products. Therefore, we define the 290 Swedish municipalities as local markets. size. For example, in the toys subsector, exit rates are high, and large entrants are common. The entry of small stores is most common in clothing, furniture, hardware, and sports. Hardware and sports are the only subsectors that exhibit net entry, whereas all other subsectors exhibit net exit. The highest outflow of stores is observed in textiles, books, and footwear.
The median local market approves 10 PBL applications per year (Table 3) Table 5 displays the regression results for the local competition measures, the HHI and the entry rate, with each of the regulation measure, local market controls, and year and subsector fixed effects included as explanatory variables. The results indicate that more liberal regulation decreases the HHI and increases entry rates. These results provide evidence of a positive and 11 Municipalities with a non-socialist majorities approved more applications. The correlation between the share of non-socialist seats and the number of approved applications is 0.45. The corresponding correlation is 0.25 for the number of approvals divided by the number of zoning plans, and the correlations for the regulation index variables range between 0.74 and 0.87.
12 The HHI, which is constructed by using market shares based on store sales, and entry rates are calculated for each subsector, local market, and year. The number of approvals divided by the number of zoning plans is positively correlated with the entry rate (0.06). The number of approvals divided by the population density is negatively correlated with the entry rate, income, and income growth, likely because rural markets with low population density have lower incomes and entry rates. The other regulation measures are positively correlated with income and income growth. statistically significant relationship between more liberal regulation and competition in local markets.
Reduced-form evidence
To document the empirical relationship between entry regulation and productivity, we present explanatory regressions that include both labor and multi-factor productivity. These reduced-form specifications include three measures of entry regulation:
(i) the number of PBL approvals divided by the population density, (ii) the number of PBL approvals divided by the number of stores, and (iii) the number of PBL approvals divided by the number of zoning plans.
Labor productivity
We define labor productivity as the store value-added per full-time adjusted employee and estimate regressions on the pooled sample of all stores and subsectors. Table 6 displays the results for two specifications for regulation measures (i)-(iii) using OLS estimator with standard errors clustered by local market.
13 The first specification includes a one-year lagged measure of regulation, income growth, population, population density, and fixed effects for years and subsectors as explanatory variables, whereas the second specification includes dummies for the percentiles of average local market income.
The coefficient for regulation is positive and statistically significant in both specifications, indicating that labor productivity increases with more liberal regulation.
The coefficient for income growth is also positive and statistically significant. Most other local market characteristics are significant with expected signs, highlighting 13 The results are robust to the use of different levels of clustering for the standard errors. Appendix C provides additional results from reduced-form regressions for labor and multi-factor productivity.
the importance of controlling for local demand in estimation of productivity. Overall, the results indicate that store labor productivity is higher in markets with more liberal regulatory environments. This finding is robust to the inclusion of several control variables, such as subsector and year fixed effects, and the use of alternative measures of regulation.
Multi-factor productivity
In this subsection, we analyze the effect of entry regulation on a measure of multifactor productivity obtained from a simple service generating function using the OLS estimator, i.e., ω jt = y jt −β 0 −β l l jt −β k k jt , where y jt is the log of value-added for store j in year t, l jt is the log of the number of full-time adjusted employees, and k jt is the log of the capital stock.
14 In this case, multi-factor productivity, ω jt , includes both technical productivity and correlated demand shocks. We then regress store multi-factor productivity on a one-year lagged measure of regulation, while controlling for local market covariates and fixed effects for years and subsectors. Table 6 presents the regression results, which mirror those presented for labor productivity using pooled data. We find a clear, positive relationship between more liberal regulation and multi-factor productivity (productivity and demand). The coefficient for regulation is positive for all regulation measures and is statistically significant for two of three regulation measures (the number of approvals divided by the population density and the number of approvals divided by the number of stores).
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This simple identification strategy for the impact of regulation on productivity suffers from at least two weaknesses, however. First, it relies on the strong assumption that regulation is uncorrelated with the error term in the service generating function, which includes demand shocks and correlated shocks across local markets related to entry regulation. Therefore, we must separate the demand shocks from productivity by modeling both demand and productivity. Second, this identification strategy abstracts from the correlation in store productivity over time and the dynamic effects of regulation on productivity.
Overall, the benchmark results for both labor and multi-factor productivity provide evidence of a positive relationship between more liberal regulation and store productivity. However, a dynamic structural model is needed to allow for flexibility in how regulation influences productivity, to model a controlled productivity process, and to disentangle the effect of regulation on productivity from that on demand.
A dynamic structural model of productivity and regulation
Stores maximize their expected discounted profits and choose inputs and investments based on current productivity ω jt , capital stock k jt , wages w jt , and other exogenous observed local market characteristics.
16 Store productivity follows a controlled first-order Markov process, P (dω jt |ω jt−1 , r mt−1 ), where r mt−1 measures entry regulation in local market m during period t − 1. Two stores that exhibit the same current productivity but that exist in markets with different regulations will differ in their future productivity realizations because they face different incentives to improve their productivity given the stringency of regulation. More liberal regulation might result in better distributions of future productivity, conditional on current productivity, i.e., P (·) is stochastically increasing in r mt−1 for a given ω jt−1 .
The service production function for store j is
where q jt is the log of service output by store j at time t, andβ l andβ k are the true technology parameters. 17 The unobservedω jt is technical productivity, andẽ jt represents shocks to service output that are not predictable during the period in which inputs can be adjusted and in which stores make exit decisions.
In services industries such as retail, measuring service output is difficult. The best proxy for service output is value-added, which controls for the stock of products that are bought from wholesalers. However, value-added implies that we will underestimate the labor and capital parameters without controlling for prices (Klette and Griliches, 1996; Foster et al., 2008) . 18 Based on the available Swedish data, we assume that the demand function has a negative slope and that stores operate in a market with horizontal product differentiation, where η s (< −1 and finite) captures the elasticity of substitution among products in subsector s:
where p jt is the log of service output price for store j, p st is the log of service output price in subsector s, q smt is the log of service output in subsector s in local market m, and ξ jt represents demand shocks to store j. Using (2) to control for prices in
(1), we obtain
where y jt = q jt + p jt − p st is deflated value-added; β l,k = 1 + 1 ηs β l,k are the coefficients for labor and capital, respectively; β q = 1 ηs is the coefficient for market 17 Service output does not include the products that are purchased from the wholesaler and sold in the store, i.e., intermediate inputs. This model is easy to apply to a general specification. For example, translog with neutral efficiency across stores would perform equally well.
18 If products are perfect substitutes, deflated sales are a perfect proxy for unobserved qualityadjusted output. In manufacturing, Foster et al. (2008) analyze the relationships among physical output, revenue, and firm-level prices in the context of market selection and find that productivity based on physical quantities is negatively correlated with store-level prices, whereas productivity based on revenue is positively correlated with store-level prices.
output; and ω jt = 1 + 1 ηs ω jt and e jt = 1 + 1 ηs ẽ jt are technical productivity and shocks to service production adjusted for the elasticity of demand, respectively.
We use aggregate value-added in subsector s in local market m as a proxy for q smt (Klette and Griliches, 1996) . When estimating (3), we must control for unobserved demand shocks ξ jt and unobserved productivity shocks ω jt . This demand system allows for one elasticity of substitution for all stores within each subsector, i.e., a constant markup over marginal cost by subsector s, ( The nature of the available data and the difficulty of measuring prices in retail require that we use a simple demand system, and we argue that our empirical application supports a constant elasticity of demand (CES) demand system.
19 The
Swedish retail industry has characteristics reflecting monopolistic competition, i.e., each local market consists of many stores such that a price change in one store likely has a minor impact on the market price and the regulation process. Most local markets consist of 5-12 stores per subsector, and there are no local monopolies.
We analyze each store as a separate unit. Thus, we focus on the substantial share of stores operating as independent or franchise units.
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To control for unobserved demand shocks, we decompose ξ jt into two parts,
jt , where z mt represents the observed local demand characteristics (population, population density and income) and u d jt represents the remaining unobserved, store-specific demand shocks. In addition, we remove the immediate effect of regulation on prices by including current regulation r mt in z mt . Controlling 19 A common and well-known challenge in retail studies is the measurement of prices owing to the complexity of products and product assortments. In our setting, measuring prices is even more difficult because we recover productivity for all stores, which requires separate price measures for each store. We are not aware of any study on retail productivity and market structure that combines detailed store-level information for all stores and store-level prices.
20 A careful and complete demand analysis applying the Berry et al. (1995) (BLP) framework requires store-level price data and product characteristics for all stores, which is unfortunately unavailable in many datasets.
for unobserved demand shocks in (3), we obtain
To identify technical productivity separately from demand, we assume that u enters in ω jt , and we identify quality-adjusted productivity, i.e., the sum of technical productivity and remaining demand shocks (see online Appendix D). An important difference between technical and quality-adjusted productivity is the interpretation of the results, i.e., the remaining demand shocks that are included in ω jt . For simplicity, we refer to ω jt as productivity in what follows, even if we might measure quality-adjusted productivity.
Regulation and the productivity process. Regulation influences the productivity of incumbent stores with a one-year lag that reflects the time required for stores to cut slack and change features, such as management, to increase their productivity. 21 The reduced-form empirical evidence for labor productivity and multi-factor productivity presented in Section 3 (Table 6 ) supports the modeling of regulation in the productivity process. Productivity ω jt follows a first-order controlled Markov process:
where r mt−1 measures entry regulation in local market m during period t − 1 and υ jt represent shocks to productivity that are mean independent of all information known at t. Shocks υ jt can be understood as the realization of uncertainties that are naturally linked to productivity. The conditional expectation function E[ω jt |ω jt−1 , r mt−1 ] is unobserved by the econometrician (but known to the store) and is approximated by the nonparametric function g(ω jt−1 , r mt−1 ).
A key advantage of our model over models in previous work on regulation and productivity is that regulation affects store productivity in a flexible manner, i.e., g(ω jt−1 , r mt−1 ) captures the differential impact of more liberal regulation on store productivity conditional on both productivity and the stringency of local market regulation. After observing the regulation level, stores immediately adjust their prices to secure their market share and customers as captured by r mt in z mt . The lagged effect of regulation is on productivity. In the case of quality-adjusted productivity, the previous degree of local market regulation r mt−1 affects both prices and productivity, and these effects cannot be separated from one another.
Mechanism for the impact of entry regulation on productivity. We expect more liberal regulation to influence productivity in several ways. Entry regulations can improve productivity directly if new stores are highly productive. Moreover, because entry regulations constitute barriers to entry, we expect reduced regulatory stringency to increase competition. Incumbents then face incentives to increase their productivity to survive and to maintain their market share (X-inefficiency),
reflecting an indirect effect of entry regulation on productivity. Stores can increase their productivity in several ways, such as investments in new technology (e.g., scanner techniques, distribution centers) and improvements in management. 22 We provide reduced-form evidence of a positive relationship between regulation and competition measures in our data. Table 5 Incumbent responses to changes in regulatory stringency are complex in retail, relating to, for instance, store type, product assortment, hours of operation, prices, distribution systems, new investments, and education. Modeling these responses requires a complex setting based on dynamic games. This paper aims to measure the net effect of entry regulation on productivity rather than to model all channels through which this effect occurs. The advantage of a single agent framework is that it allows for an improved understanding of store heterogeneity. By contrast, endogenizing competition by considering strategic interactions in a dynamic game framework markedly complicates the analysis and imposes additional assumptions (Pakes et al., 2007; Dunne et al., 2013; Maican and Orth, 2013) .
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Entry regulation is exogenous in the productivity process such that individual stores do not affect the outcome of regulation or form expectations about the stringency of future regulation. Although we employ a two-step estimation procedure (as discussed below), which alleviates endogeneity concerns regarding regulation, we examine the robustness of our findings by using an instrumental variable approach in the controlled Markov regression. We discuss the endogeneity of regulation in the estimation and robustness sections.
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Productivity and labor demand. To estimate the service production function (4), we must proxy for unobserved productivity. To recover productivity from the service production function (4), we use the labor demand function from each store profit maximization problem and a good measure of store-specific wages, i.e., l jt =l t (ω jt , k jt , w jt , q smt , z mt ), wherel t (·) is an unknown function strictly increasing in ω jt , and w jt is the log of the wage rate at the store level (Levinsohn and Petrin, 2003; Doraszelski and Jaumandreu, 2013) . Assuming that labor is a static and variable input based on current productivity is not as restrictive in the retail industry as in many other industries. Indeed, part-time employment is common, the share of skilled labor is relatively low, and stores frequently adjust their labor use according to variation in customer flows.
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We assume that wages follow an exogenous process. The scalar unobservable assumption, i.e., that productivity ω jt is the only unobservable inl t (·), is required for identification. The strictly increasing condition mentioned above also holds under the simple CES demand system (Levinsohn and Melitz, 2006) . Because stores set wages and because both part-time and temporary contracts are common in retail, the identification relies on variation in store-specific wages.
Estimation. The estimation of the service production function proceeds in two steps. By inverting the labor demand function to recover productivity and by substituting this function into the service production function, we obtain y jt = φ t (l jt , k jt , w jt , q smt , z mt ) + jt , where jt is the sum of demand and output shocks
In the first step, we estimatê φ t (·), which separates productivity ω jt from i.i.d. shocks to output jt according to
26
In the second step, we non-parametrically regress ω jt (β) on a polynomial expansion of order three in ω jt−1 (β) and r mt−1 to obtain shocks υ jt . The moment Online appendix E considers a static and parametric labor demand function (Doraszelski and Jaumandreu, 2013) . 26 We use a third-order polynomial expansion in its arguments and estimateφ t (·) by using OLS. 27 Nevertheless, we cannot truly separate the effect of regulation on prices, as regulation might have lagged effects on prices. If one is concerned that current regulation is correlated with shocks to the service production function jt and demand in the first step of the estimation, one can use moments based on r mt−1 or the average stringency of regulation in other local markets.
The identification of the impact of entry regulation on productivity relies on current productivity shocks υ jt being mean independent of regulation in the previous period. The nature of the structural semiparametric model helps address the possible endogeneity of regulation on productivity. Further, removing the effect of current regulation and other local market characteristics from the sum of demand and production shocks jt in the first step reduces endogeneity concerns in the second step (i.e., when estimating the productivity process) and clarifies our identification of the impact of entry regulation on productivity. However, if the remaining productivity shocks υ jt are still correlated with regulation in the previous period (e.g., they include demand shocks correlated with the regulation measure), we might overestimate the impact of more liberal regulation on productivity. In this case, we can identify the coefficient for regulation in the second step by using moment conditions based on Hausman-type instruments (Hausman, 1997) , e.g., average regulatory stringency in other local markets.
28
The β parameters are estimated by minimizing the sample analogue of the moment conditions discussed above. Because nonlinearities exist in the coefficients, we use the Nelder-Mead numerical optimization method to minimize the GMM objective function
where A is the weighting matrix defined as A = 1 N W υ(β)υ (β)W −1 and W is the matrix of instruments. Using the estimatedβ coefficients, we obtain the recovered productivity, ω jt = y jt −β l l jt −β k k jt +βsmt + 1 ηs z mtβz .
29
28 Our empirical results are robust to the use of Hausman-type instruments to control for the possible endogeneity of regulation.
29 One can also recover productivity based on estimates using the labor demand function, ω jt = φ t (·) −β l l jt −β k k jt +βsmt + 1 ηs z mtβz . Although mean productivity is similar, the greater variance is expected with the service production function. To compare the results across various proxy estimators, much of the previous productivity research provides results based on production functions, e.g., Olley and Pakes (1996), Ackerberg et al. (2006) , and De Loecker (2011). Table 7 presents the results from the service production function estimates for each subsector. We focus on the OLS estimator and main specification (NP lm ), which employs a controlled Markov process for productivity and controls for both prices and local market conditions. Returns to scale (β l + β k ) are higher after we control for prices (Klette and Griliches, 1996) .
Service production function estimates
30 For all subsectors, the labor coefficient (β l ) is smaller after we control for prices in the main specification (column (2) in Table 7 ) than in the OLS specification, which indicates that we have successfully controlled for simultaneity bias. In the main specification, the book, computer and electronic subsectors exhibit the highest labor elasticity, whereas the book and furniture subsectors exhibit the highest capital elasticity.
The average estimated demand elasticity across subsectors in NP lm is -4.12, with a range between -8.30 (hardware) and -1.26 (watches). The corresponding average markup (price over marginal cost) across subsectors is 1.86, with a range between 1.13 (hardware) and 4.76 (watches). These findings are consistent with previous results based on U.S. data (Hall, 1988) . A high degree of product differentiation might explain the low values (in absolute terms) of demand elasticity in some subsectors, such as furniture. Clothing, electronics, and sports are characterized by relatively low markups and high exit rates ( Table 2 ). The estimated parameters allow us to compute productivity and to evaluate the impact of entry regulation on productivity by using the estimated Markov process.
30 The returns to scale are higher after we control for prices in NP lm than in the OLS specification and the nonparametric specification without price controls (NP l in online Appendix F.2). Our results are consistent with extant research showing increasing returns to scale in retail. We expect increasing returns to scale in services owing to geographic dispersion, multi-market contact, and an increasing returns to scale "illusion" that is attributable to self-services, i.e., the volume of self-services is larger than the amount of services performed by stores (Ofer, 1973) . Few studies use production function approaches to analyze returns to scale in retail trade, though Ofer (1973), Bairam (1994) and Maican and Orth (2009) are exceptions.
Results of the structural analysis
Based on the estimated productivity of each store, we quantify the changes in productivity with more liberal regulation. Specifically, we analyze store productivity for the pooled sample (Section 5.1), store productivity by subsector (Section 5.2), aggregate productivity in local markets (Section 5.3), and heterogeneity in productivity depending on both store and market size (Section 5.4). We then provide robustness checks (Section 5.5).
Store-level productivity
Before turning to the results for the specification that is fully consistent with our dynamic model, we pool all stores and subsectors and estimate the following simple linear specifications by using the OLS estimator: (a) an AR(1) productivity process, ω jt = α 0 + α 1 ω jt−1 + α r r mt−1 + f t + f s + ν jt ; and (b) ω jt = α 0 + α r r mt−1 + z mt α z + f t + f s + µ jt , where ν jt and µ jt are i.i.d shocks that are not correlated with entry regulation r mt−1 or local market characteristics z mt . In addition, the f t and f s are fixed effects for year and subsector, respectively. The first specification includes previous productivity, controls for the persistence of productivity, and extends the analysis from Section 3 by allowing regulation to exert a dynamic effect on productivity.
We use estimated store productivity from our main specification N P lm (Section 4) and the OLS estimator (Section 3.2). The same regulation measures and control variables from the reduced-form regressions presented in Table 6 are utilized. The results allow us to connect the reduced-form regressions with the specification that is entirely consistent with the dynamic model presented in Section 5.2. Table 8 shows that the coefficient for regulation is positive in all specifications 31 Note that specifications (a) and (b) are not entirely consistent with the model (N P lm ) that relies on a flexible approximation of the productivity process based on previous productivity and regulatory stringency.
and statistically significant for all specifications using productivity from our proxy estimator (N P lm ).
32 The marginal effects of an additional PBL approval, with population density held constant, increases productivity by an average of 1.67 percent for the OLS specification and 0.42 percent for N P lm . The fourfold greater increase for the OLS specification is consistent with the theoretical predictions because this productivity measure includes both productivity and prices. Productivity in N P lm is less persistent than productivity in the OLS estimator, which suggests that we have successfully isolated parts of the persistent demand shocks from ω jt . The structural approach implicitly controls for simultaneity and selection biases that affect productivity measures and marginal effects owing to nonlinearity in the productivity process. Overall, the results of the pooled sample and linear specification provide evidence of a positive association between regulation and store-level multifactor productivity.
Store-level productivity by subsector
To quantify the effects of more liberal entry regulation on future store productivity more accurately, we use the regression results from the controlled Markov process and approximate g(ω jt−1 , r mt−1 ) by using a third-order polynomial expansion in previous productivity ω jt−1 and regulation r mt−1 . 33 An advantage of our dynamic framework is that we obtain marginal effects for each store in the data, which allows us to recover the full distribution of the effect of entry regulation on productivity in each local market.
To keep the presentation of the structural results tractable, we measure regulation as the number of approvals divided by the population density, which allows for exogeneity and captures both market size and density (both of which are important 32 The standard errors are clustered at the local market level. 33 A liberal regulatory environment does not serve as a productivity growth machine in local markets because increased competition also induces exit, which implies a decrease in product differentiation that negatively affects consumers. Thus, our model only measures the net effect.
in retail). The results are robust to the use of the our alternative measures of regulation discussed in Section 2, i.e., the number of approved PBL applications divided by the number of stores, the number of approved PBL applications divided by the number of zoning plans, the regulation index, and the number of PBL approvals (see online Appendix F). Table 9 documents the heterogeneity in the change in store productivity with one additional approval (with population density held constant). As the table shows, store productivity is higher when regulation is more liberal. This result holds for all subsectors. Store productivity increases by 1-4 percent on average for most subsectors. In addition, productivity changes vary across stores, as indicated by the standard deviations of the marginal effects. The largest average marginal effects (2-4 percent) of entry regulation on productivity are obtained for toys, footwear, textile, and books. This pattern of results may be due to the relatively high net exit rates in these subsectors, which force incumbents to increase their productivity (Table 2) .
We also present the support of the impact of a more liberal regulation on productivity. For each subsector, the support is determined based on 1,000 simulated values from all parts of the productivity distribution. The support provides additional information regarding the heterogeneity of productivity changes with more liberal regulation and complement the mean marginal effects. The large and positive upper bounds in footwear, books, and textiles indicate that some stores realize substantial productivity gains from more liberal regulation in these subsectors and confirm the relatively large mean marginal effects in these subsectors.
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34 To investigate the sensitivity of the marginal effects of regulation on productivity in our structural approach, we utilize simulation. The estimated results of the controlled productivity process based on productivity recovered from a service production function with different coefficients for labor and capital than those in our main specification (NP lm ) exhibit changes in the marginal effects of regulation on productivity. The results of the simulations and the comparison of the nonparametric two-step approach and simple parametric specification emphasize the importance of using sophisticated methods to accurately estimate productivity and to evaluate changes produced by regulation. These simulations are available from the authors upon request.
Aggregate local market productivity
A key task for policymakers is to assess the change in aggregate local market productivity when entry regulation becomes more liberal. Quantifying the cost of regulations in terms of changes in local market productivity is a first step toward a more complete welfare analysis of entry regulations. The magnitude of these effects can thus be compared with other demand and supply side aspects that local authorities should evaluate when considering the consequences of a new entrant.
For example, in Sweden, municipalities must consider the availability of stores and store products, prices, market shares, and traffic.
We evaluate the change in aggregate local market productivity in each subsector caused by one additional PBL approval (with population density held constant).
To do so, we sum the marginal effect of all stores for each local market and year, which is based on the actual previous level of productivity for stores and level of regulation, with output market shares as weights. The results indicate the change in weighted aggregate local market productivity if regulation were to become more liberal. Table 10 provides the distribution of annual changes in local market productivity from one additional approval. The effect of regulation exhibits substantial heterogeneity across local markets and subsectors. For example, the textile, electronics, and watches subsectors are characterized by relatively high dispersion of changes in local market productivity with more liberal regulation. The median local market productivity increases by 1-5 percent in the textile, footwear, books, and toys subsectors but only by 0.2-0.6 percent in the other subsectors.
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The large increases in aggregate productivity for the textile, footwear, and book subsectors are clearly connected to high net exit rates (Table 2 ) and low growth in average value-added (Table B .2 in online Appendix B). Further, the increase in aggregate productivity in the toys and computers subsectors is associated with high shares of entry of large stores (in absolute numbers and relative to the share small store entry; Table 2 ) and high mean growth in value-added and number of employees (Table B .2 in online Appendix B).
Heterogeneity across stores and local markets
A central advantage of our structural framework is that we can obtain the full distribution of marginal effects of more liberal regulation, enabling us to carefully investigate heterogeneous productivity responses across stores and local markets.
To evaluate heterogeneity in marginal effects across store sizes, we divide the sample into small and large stores based on the median of the number of employees. Table 11 displays the median marginal effects of one additional approval on small and large store productivity and indicates whether the medians of these groups are equal. As the table shows, an additional PBL approval yields a greater increase in productivity for small stores than for large stores. Specifically, median productivity increases by 1 additional percentage point for small stores compared with large stores. This result holds for seven of the eleven subsectors. The difference in the productivity increase between small and large stores is smaller in the furniture, sports, and hardware subsectors, while approaching zero for the clothing sector.
Because an additional approval increases competition, small incumbents must improve their productivity to a greater extent than larger incumbents to remain in the market. A test of equal median marginal changes in productivity due to more liberal regulation shows that we can reject the null of equal medians between small and large stores for all subsectors.
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Heterogeneity in marginal effects across local markets can depend on the market 36 To test whether the medians are equal for small and large stores, we follow recent studies in statistics and use quantile regressions with a group indicator.
size. To investigate the posssible effects of market size, we analyze the weighted aggregate local market productivity in markets with populations below and above the median (Table 11) . We find that the increase in aggregate local market productivity increases due to an additional PBL approval is greater in small local markets than in large local markets. Specifically, median local market productivity increases by 1-3 additional percentage points in small markets compared with large markets for the textile, footwear, toys, and watches subsectors. The difference between small and large markets is smaller for the remaining subsectors.
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We thus find evidence of larger productivity improvements from more liberal regulation in small markets than in large markets. In other words, allowing a new store to enter the market creates more intense competition in local markets that consist of fewer stores (incumbents) such that the competitive intensity from entrants declines with the number of stores. A test of equal median marginal effects between large and small markets rejects the null of equal medians for ten of the eleven subsectors.
Robustness checks
In this section, we evaluate the sensitivity of our empirical results. For this purpose, we conduct a variety of robustness checks on the results from the service production function and controlled productivity process. Overall, the main results are found to be robust in a large number of specification tests.
Alternative measures of regulation. To demonstrate the robustness of our regulation variable, we consider the following alternative measures of entry regulation: number of PBL approvals divided by the number of stores, number of PBL approvals divided by the number of zoning plans, index variables that combine our 37 We cannot reject the null of equal medians for the electronics subsector. For the computers subsector, the increase in median productivity is greater in large markets than in small markets. This result might be due to the tendency of firms in this industry to locate in large and expanding cities rather than in rural environments. Second, we use the regulation index described in Section 2 and alternative weighting schemes for this regulation index. Online Appendix F.2 presents the marginal effects for individual stores and local markets when the regulation index increases by one standard deviation. The results also indicate that more liberal regulation increases store productivity for virtually all subsectors. Specifically, median store productivity increases by 2-4 percent on average for most subsectors with a one standard deviation increase in the regulation index.
Third, we use the number of PBL approvals to measure the degree of regulation.
Online Appendix F.3 presents a detailed analysis of the results with the number of approved PBL applications as the entry regulation measure. The results from using the number of PBL approvals of retail stores for the sample of 163 (of 290) local markets are available from the authors upon request. The results show that the approval of one additional application by local authorities increases the productivity of the median store by 1.5-2.6 percent for most subsectors, which represents a relatively larger effect than that obtained from regulation measures unrelated to local market size.
38 Importantly, our main results regarding the improvement in productivity are robust to the use of a regulation measure that is not normalized by market size. Aggregated across all local markets, this improvement translates to annual subsector economic costs ranging from 2.8 million euros ( Endogeneity of regulation. Our proposed framework allows us to control for the possible endogeneity of regulation. In the Markov process regression, we control for the endogeneity of our regulation measures by using the average value of the regulation measures in other local markets as instruments. The use of this type of instrument is valid if regulation is not subject common productivity shocks across local markets. Suzuki (2013) argues that finding a valid instrument for the regulation index is challenging and thus does not control for endogeneity. In our setting, it is important to note that our two-step estimation approach alleviates endogeneity concerns regarding the regulation measure. However, our approach allows us to form moments that control for the possible endogeneity of regulation during both stages of the service production function estimation if endogeneity concerns remain.
Furthermore, this approach also allows us to control for the endogeneity of wages and aggregate quantity during the first step of the estimation.
Selection. When we control for selection in our main specification, NP lm yields 38 This result is expected because the number of approvals is positively correlated with market size.
39 Numbers are in 2012 values, where 1 EUR=9.01 SEK and 1 EUR=1.30 USD. In these calculations, we multiply the average annual cost per store by the average number of stores in the subsector over the period 1996-2002. 40 These results are available from the authors upon request similar parameter estimates for the service production function and similar magnitudes of the marginal effects of more liberal regulation on productivity (Olley and Pakes, 1996).
Alternative estimators. As noted in the discussion of the results of the service production function estimates, we find evidence that controlling for local market demand and simultaneity bias is crucial, as not controlling for local market demand yields decreasing returns to scale (NP l in Appendix F.2). The service production function parameters change as predicted by theory when we control for simultaneity and prices.
An attractive candidate for proxy of productivity in our nonparametric twostep approach of estimating the service production function is a parametric labor demand function (Doraszelski and Jaumandreu, 2013) . As key differences from the main specification, this parametric approach forms moments based on shocks to both service production and demand, and the estimation proceeds in one step. The parametric approach is explained in Appendix E. The main result that more liberal regulation increases productivity holds when we use this parametric approach (the results are available from the authors upon request).
Conclusions
This paper investigates the impact of regulation on productivity. Although this issue is important to both researchers and policymakers, extant research is still in the initial stages of quantifying the effects of regulation on productivity in various industries. We use a dynamic structural model to estimate multi-factor productivity and to evaluate how it varies with the degree of local market entry regulation in retail trade. Specifically, we analyze how more liberal regulation changes store future productivity and weighted aggregate productivity in local markets. Our model controls for local market demand and allows for different technologies across subsec-tors. The advantages of our approach are that we can use a controlled productivity process with respect to regulation and can allow for flexibility in how stores react to regulatory changes by considering the responses of each store. We obtain the full distribution of productivity responses from all stores, which is an important initial step in evaluating the welfare of regulatory changes.
Insight into the extent to which entry regulations affect productivity in retail is particularly important because retail markets have undergone dramatic changes related to the use of technology (e.g., scanners, barcodes, online credit card processing), inventory and price managements, and distribution networks. In addition, structural changes have led to fewer, larger stores. The combination of information technology improvements and economies of scale, density, and scope has dramatically altered the retail sector, which plays an important role in economic activity today. Despite these striking trends, few studies have investigated the effect of local regulations on productivity in local markets by using a structural framework. The proposed approach is general and can be applied to retail and services industries in other countries.
The empirical application relies on detailed data on all stores in Swedish retail market, which is representative of many retail markets in the OECD in terms of market structure and regulation, for the period 1996-2002. The results reveal that there are increasing returns to scale in the majority of subsectors of the Swedish retail industry. Further, substantial heterogeneity in the effect of regulation on productivity is found across stores and local markets. Across all subsectors, store productivity increases by 1.8 percent on average from one additional approved application. In local markets, median aggregate productivity increases by 0.2-5 percent.
Moreover, one additional approval increases median productivity by 1 additional percentage point for small stores compared with large stores, and the increase in aggregate local productivity is 1-2 percentage points higher in small markets than in large markets. Our results are robust when we use different measures of regulatory stringency and control for the endogeneity of the regulation measure.
Our results are relevant to competition policy through entry regulation in the OECD. We find that more liberal use or design of entry regulations stimulates productivity in local markets. However, these gains must be weighted against environment costs, increased traffic, and access for target consumers, such as pensioners.
Our findings contribute to an improved understanding of the frequently debated sources of the productivity gap between Europe and the U.S. 21,464.0 20,787.0 20,318.0 20,085.0 20,169.0 19,618.0 19,233.0 -10 .0 NOTE: Sales (excl. VAT), value added, investment and capital stock are measured in billions of 1996 SEK (1 USD=6.71SEK, 1 EUR=8.63 SEK). Number of employees is measured in thousands. Municipalities (290 in total) are used as local markets. To measure local market regulation, we use (i) the number of PBL approvals divided by the population density, (ii) the number of PBL approvals divided by the number of stores, and (iii) the number of PBL approvals divided by the total number of zoning plans. Income is the average income at the local market level. Population and income are are reported in thousands of persons and thousands of 1996 SEK. The number of stores per capita is the number of stores per 1,000 people. Population density measures the number of persons per 1,000 m 2 . To measure local market regulation, we use (i) the number of PBL approvals divided by the population density, (ii) the number of PBL approvals divided by the number of stores, and (iii) the number of PBL approvals divided by the total number of zoning plans. The Herfindahl index (HHI), which is constructed using market shares based on store sales, and entry rates are calculated for each subsector, local market, and year. Standard errors at the local market level are presented in parentheses. HHI is the Herfindahl index, which is constructed using market shares based on store sales. The HHI and entry rate are calculated for each subsector, local market, and year. Local market controls include population, population density, income, and market fixed effects. To measure local market regulation, we use lagged values of (i) the number of PBL approvals divided by the population density, (ii) the number of PBL approvals divided by the number of stores, and (iii) the number of PBL approvals divided by the total number of zoning plans. Significance: *p<0.1; **p<0.05; ***p<0.01. Table 6 : Reduced-form regressions: The impact of regulation on store multi-factor productivity and labor productivity NOTE: For each regulation measure, the dependent variable is multi-factor productivity in columns (1) and (3) and labor productivity in columns (2) and (4). Multi-factor productivity is computed as the residual from estimating the service value function by OLS, i.e., ω
Labor productivity is measured as log of value-added per total number of employees. The Herfindahl index, constructed based on store's sales, and entry rates are calculated for each subsector, local market and year. Additional local market controls include population and population density. Population, population density, and income are in logs. Income percentiles are defined at the local market level. Below the 25th percentile is used as reference group. Clustered standard errors at the local market level are in parentheses. To measure local market regulation, we use lagged values of (i) the number of PBL approvals divided by the population density, (ii) the number of PBL approvals divided by the number of stores, and (iii) the number of PBL approvals divided by the total number of zoning plans. mf P BL is the marginal effect of one additional approved PBL application.
Significance: *p<0.1; **p<0.05; ***p<0.01. Labor is measured as number of full-time adjusted employees. All regressions include year dummies. OLS is ordinary least square regression. N P lm is two-step estimation using a nonparametric labor demand function as proxy for productivity and controlling for imperfect competition. The estimated coefficients include elasticity, i.e., (1 + 1 η )β l for labor and (1 + 1 η )β k for capital. The N P lm specification includes previous year's the number of approved PBL over the population density in the productivity process (Section 4), current capital stock and previous labor are used as instruments and standard errors are computed using Ackerberg et al. (2011) . Market output is measured as the market share weighted output in the municipality. Demand refers to the elasticity of substitution. Markup is defined as price over marginal cost. NOTE: The dependent variable is the multi-factor productivity estimated by OLS in columns (1) and (3) and by semiparametric estimator N P lm in columns (2) and (4).
Multi-factor productivity is computed as the residual from estimating the service value function by OLS, i.e., ω
Labor productivity is measured as log of value-added per total number of employees. Additional local market controls include population and population density. Population, population density, and income are in logs. Income percentiles are defined at the local market level and the 25th percentile is used as reference group. Clustered standard errors at the local market level are in parentheses. To measure local market regulation, we use lagged values of (i) the number of PBL approvals divided by the population density, (ii) the number of PBL approvals divided by the number of stores, and (iii) the number of PBL approvals divided by the total number of zoning plans. mf P BL is the marginal effect of one additional approved PBL application. Significance: *p<0.1; **p<0.05; ***p<0.01. and standard deviations, across local markets and years, of the median marginal effect (%) on stores' productivity when an additional PBL application is approved. The number of PBL approvals divided by the population density is used as a proxy for regulation (Section 2). Marginal effects are computed for individual stores using their observed values of previous productivity, the regulation measure and population density. The OLS estimator is used to estimate the controlled Markov process. The support is computed using 1,000 simulation draws from the estimated distribution of productivity. The number of PBL approvals divided by the population density is used as a proxy for regulation (Section 2). The marginal effects are computed for individual stores using their observed values of previous productivity, the regulation measure and population density. Municipalities (290 in total) are used as local markets. Marginal effects for individual stores are used (Table 9 ) with output market shares as weights. (Panel B) . Municipalities (290 in total) represent local markets. Stores are defined as small if the number of employees is below the median and large otherwise. Local markets are defined as small if the population is below the median and as large otherwise. The number of PBL approvals divided by the population density is used as a proxy for regulation (Section 2). Marginal effects measure the percent changes in store productivity (Panel A) and aggregate local market productivity (Panel B) from an additional PBL approval. Marginal effects are computed for individual stores using their observed values of previous productivity, the regulation measure and population density. The aggregate weighted productivity in local markets is computed by using the marginal effects in Table 9 and output market shares as weights. To test whether the medians are equal for small and large stores, we follow recent literature in statistics and use quantile regressions with a group indicator.
